The synthesis of poly(y-p-biphenylmethyl-L-glutamate), PBPLG, (poly{ L-imino-1 -[2-(4-biphenylylmethoxycarbonyl)ethyl]-2-oxoethylene}), (Id) is described. The viscosity behavior of this polymer in benzene/dichloroacetic acid mixtures (~= 0 , 2 . 1 0 -~-1,4. g/cm3) at 25°C is investigated. The results are compared with measurements on poly(ybenzyl-L-glutamate), PBLG, (poly [ L-imino-1 -(2-benzyloxycarbonylethyl)-2-oxoethylene]), (lc) under the same conditions. A transition from a rigid hydrogen bonded helix to a random solvated coil occurs in two stages for both: PBPLG (first stage 0-55%, second stage 55-100% dichloroacetic acid) and PBLG (first stage 0-
Introduction
Lately there has been an increasing interest in the field of substituted y-benzyl-L-glutamates' -5 , and the corresponding polymers (1)2-' ). It is well known that the side-chains of these synthetic polypeptides may have an important influence on the nature and stability of the secondary s t r~c t u r e~.~.~-x).
Changes in the secondary structure of synthetic polypeptides in solution can be accomplished either by varying the temperature or by varying the solvent composition. A variety of techniques, i.e. light scattering'), ORD8), NMR'O), dilatometry ' '), refractive index increment' 2 ) , sedimentation' 2 , and viscometry'3-15 ' can be applied for the detection and study of the conformational changes. Fraser et a1.*) have studied a series of ortho and para substituted poly(y-benzyl-L-glutamates), including poly(y-2,4,6-trimethylbenzyl-~-glutamate) (la)*) and poly(y-1-naphthylmethyl-glutam am ate) (1 b)*! The helix stability was determined by measuring the amount of dichloroacetic acid (DCA), necessary to induce the helix-coil transition of the polymers in dichloroethylene/DCA mixtures.
Polymer la turned out to have a more stable helix than poly(~~-benzyl-~-glutamate), PBLG (1c)*). This was explained by the shielding of the main chain by the nonpolar side-chain methyl groups. Polymer Ib showed a broad transition which could be due to a low molecular weight or to steric effects associated with the very large side-chain. In spite of the large, relatively nonpolar sidechains, the helix of this polymer was not as stable as the PBLG helix. The low molecular weight, however, prevents any definite conclusions. 
I
This contribution describes the synthesis of poly(y-p-biphenylmethyl-L-glutamate), PBPLG, (Id)*) and the viscosity behavior of this polymer in benzene/DCA mixtures as compared with the behavior of PBLG in order to evaluate the effect of a p-phenyl substituent in PBLG on the stability of its secondary structure.
Experimental Part
All melting and boiling points are uncorrected; IR spectra were obtained on a Unicam S.P. 200 or on a Beckman IR 33 apparatus. NMR spectra were determined on a Varian A-60 instrument, using tetramethylsilane (TMS, S=O,O) as an internal standard. Microanalyses were carried out in the analytical section of our Department under the supervision of Mr. W. Potman.
Viscosity measurements were performed in Ubbelohde capillary-type viscometers (0=0,4 and 0,56mm) at 25k0,OI"C. The volumes of the measuring bulbs were 1,7ml. Solutions of PBPLG and PBLG (~= 0 , 2 . 1 0 -~-1,4.10-3g/cm3) in mixtures of purified benzene and dichloroacetic acid (DCA) were kept one night at room temp. before the measurements were carried out. The percentages of DCA in mixtures of benzene and DCA are based on volume fractions. Kinetic energy corrections were not applied. The efflux times for all solutions and solvents were higher than 100 seconds.
The sample of PBPLG used for the viscosity measurements had an intrinsic viscosity of 58 cm3/g in DCA at 25 "C. The sample of PBLG had an intrinsic viscosity of 141 cm3/g in DCA at 25°C. 
5-(4-Biphenylylmethyl) hydrogen N-phthaloyl-L-glutamate (4)
A mixture of N-phthaloyl-L-glutamic anhydride (2, 11,4 g, 0,044mol) and p-biphenylmethyl alcohol (3, 8,2g, 0,044mol) in benzene (300ml) was refluxed for 24h. After the reaction was finished the solution was conc. and the remaining solid was crystallized from benzene.
Recrystallization from a mixture of ethyl acetate and petroleum ether (bp 4G6O"C) yielded a white crystalline solid of 4 (15,l g, 77%, mp 159-160°C). 1-H), and 7,28-7,72 ppm (m; 4-H).
5-( 4-Biphenylylmethyl) hydrogen L-glutamate ( 5 )
a) Phenylhydrazine methodz5): 4 (2,O g, 4,5 mmol), phenylhydrazine (1,5 ml, 13,5 mmol) and tributylamine (1,l ml, 4,s mmol), were added to absolute ethanol (10 ml). After 2 h refluxing, ethyl methyl ketone (10ml) was added and the resulting mixture was refluxed for 15min. After cooling to room temp., acetic acid (0,3ml) was added. The resulting cryst. solid was filtered with suction and carefully washed with ethyl methyl ketone (130ml). y-p-biphenylmethyl-L-glutamate (5, 1,l g, mp 203,5-204"C) was isolated in 78% yield. . The ester 4 (4,7 g, 11 mmol) was suspended in absolute ethanol (100ml). After the addition of hydrazine hydrate (1,5ml, 0,05 mol), the resulting mixture was refluxed for 2 h. A precipitate was formed and after cooling to room temp., the mixture was filtered with suction giving a white solid (4,5g, mp 187-189"C, no complete melting). The resulting compounds were a mixture of 5 and its phthaloylhydrazinium salt.
No further attempts were made to separate this mixture.
4-Biphenylylrnethyl3-(2,5-dioxo-l,3-oxazolidin-4-yl) propionate (6)
Dry phosgene was introduced into a suspension of 5 (1,5g, 4,8mmol) in dioxane 
Poly( y-p-biphenylmethyl-~-glutarnate), PBPLG (Id)
Typical polymerization reaction:
The N-carboxyanhydride (NCA) 6 (700 mg, 2,06mmol) was dissolved in ,dry dioxane (45 ml) at room temp. with exclusion of moisture. An appropriate amount of an initiator solution (triethylamine in dioxane) was added. The clear solution was kept in a flask and placed in a desiccator for 5 days at room temp.
After the reaction, the mixture was poured out into a beaker, containing rapidly stirred absolute ethyl alcohol (400 ml). The resulting mixture was filtered by suction and the polymer was collected. The polymer was purified by redissolving in dioxane and precipitation with ethyl alcohol. 
Solvents and reagents
Triethylamine was dist. from sodium (bp 88,5-89"C). Dioxane was dist. from sodium (bp 100,5-101,C)°C). Ethyl acetate (Merck) was dried over molecular sieves. Hexane (BDH) was dried over molecular sieves.
R esu Its
a. Synthesis of 5-(4-Biphenylylmethyl) hydrogen L-glutamate (y-p-biphenylmeth yl-L-glutamate) (5) and poly(y-p-biphenylmeth yl-L-glutamate), PBPLG, (14 A general procedure for the synthesis of substituted y-benzyl-L-glutamates and p-benzyl-L-aspartates was reported by Ledger and Stewart". These authors reacted alkalimetal salts of L-glutamic acid-and L-aspartic acid copper complexes with substituted benzylhalides to obtain the substituted esters in 8 4 5 % yield. However, in the case of 4-biphenylylmethyl bromide this procedure leads to impure products and rather poor yields.
A phthaloyl derivative of L-glutamic acid was used for the synthesis of y-methyl-' 6 ) , y-cholesteryl-and y-sitosteryl-L-glutamates l').
As outlined in the reaction scheme, the ester 5 could be isolated in a likewise manner in 60% yield, based on 4-biphenylmethyl alcohol.
The anhydride 2 was prepared from N-phthaloyl-L-glutamic acid 1 8 ) following the method of King et al.19'. Compound 2 was carefully treated with ether and dried until no traces of acetic acid, which may interfere in the next step, were left.
After the reaction of anhydride 2 with 4-biphenylylmethyl alcohol (3) in dry benzene, 5-(4-Biphenylylmethyl) hydrogen N-phthaloyl-L-glutamate (4) could be isolated in 77% yield. Principally the anhydride ring can be opened via two different ways, resulting in ci-or y-ester. Literature data reveal that the fusion reaction20-22' as well as reactions in nonpolar media22) furnish exclusively pesters. Treatment of 4 with hydra~i n e h y d r a t e '~, " .~~.~~' resulted in a mixture of the desired ester and its phthaloylhydrazinium salt. An alternative route, using phenylhydra~ine~~' yielded in 78% yield the pure ester 5 mp 203,5-204"C, r~5"c=5,60 (~= 4 , 0 g d m -~, 96% CH3COOH).
Polymers were synthesized from the N-carboxyanhydride (NCA) derivative of 5. This compound 6 was prepared in 61% yield, after treatment of ester 5 with phosgene in dioxane.
The polymerization was carried out in dioxane solution at room temperature, ') were carried out in mixtures of benzene (helicogenic solvent) and dichloroacetic acid (DCA) (coil solvent) at 25 "C using Ubbelohde type viscometers. The values of qsp/c were determined for different concentrations (range 0,2.10-3-1,4.10-3gcm-3). In the case of PBLG, these values could be extrapolated to zero concentration. Measurements with PBPLG, however, do show in almost all the cases, that the values of qsp/c as a function of solute concentration do not fit a linear plot, but increase at lower concentration. This phenomenon has been observed earlier by 8hrn26327) for measurements at low concentrations on a polystyrene fraction and by Streeter and Boyer2*) and Urnstutter2'). Ohrn gave an explanation based on the adsorption of solute on the walls of the viscometer capillary.
As a consequence the reduced viscosity values of PBPLG have been plotted in Fig. 1 as a function of the percentage DCA in the solvent mixture (benzene/DCA) for different solute concentrations. The same plots for PBLG are given in Fig. 2 . Plots of qsp/c versus solute concentration do show some peculiar changes in the range of 5540% DCA for PBPLG (Fig. 3 ) and 70 to 75% DCA for PBLG (Fig. 4) . (Fig. 1) do show major transitions in the range of 5&60% DCA. In this region the solute molecules presumably undergo a major structural transition. Furthermore, it is possible to detect maxima at 50 and 70% DCA. The maxima at 50% tend,to become more pronounced at higher concentrations, whereas the maxima at 70% become weaker at higher concentrations. In thisconcentrationrange(0,3.
1,O. 10-3g/cm3)wecanobservea tendency for an increase of qsp/c in going to lower solute concentrations26-29) in the same solvent mixture. Therefore, the curve for c= 1,0~10-3g/cm3 is probably the most accurate one. The maxima at 70% DCA can possibly be explained by wall adsorption effects, whereas the maxima at 50% DCA require another explanation.
The values of qsp/c in pure benzene are not plotted in Fig. 1 because these data could not be measured accurately enough in the same series. However, values of about 2400cm3/g (0,3.10-g/cm3) have been measured.
The large viscosity drop after the addition of DCA indicates a large increase of molecular flexibility. The results can also be explained by the occurrence of molecular association. Several authors' 3 . 3 0 -3 3 ) have either theoretically predicted or experimentally observed these phenomena. Fig. 2 shows the same plots for PBLG l c in benzene/DCA mixtures. In this case we observe a large fall in reduced viscosity at 7&78% DCA, indicating a major structural transition for PBLG. Furthermore a viscosity drop, going from pure benzene to benzene-DCA mixtures can be observed. Both 1,O. 10-3g/cm3) shows that the major transition in rn-cresol/DCA mixtures occurs at 68-80% DCA, whereas in benzene/DCA mixtures a transition can be seen at 7040% DCA, indicating that the stability of the PBLG-helix in m-cresol/DCA mixtures is approximately the same as in benzene/DCA mixtures. Byerley et al. 5 , observed also maxima in the plots of qS& versus DCA for varying concentrations of PBLG in m-cresol/DCA mixtures. These maxima were observed in the major transition. A shift of the maxima to higher DCA percentages was observed when going to lower concentrations. The extent of this shift as well as the intensity of the maxima decline when going to lower concentrations. PBLG in benzene/DCA mixtures does not show clear maxima in the transitions nor pronounced shifts as can be expected from the difference in concentration range when the behavior of PBLG in both mixtures is alike. Another common feature is the fact that in the coil region we do have less concentration dependency of the reduced viscosity than we observe in the helix region. This is also in agreement with the results of Yung3@. Furthermore, there is no large viscosity drop at the coil end of the transition as predicted by Nagai3". In conclusion, the behavior PBLG in benzene/DCA mixtures looks very much the same as the behavior of PBLG in rn-cresol/DCA mixtures. The behavior of PBPLG in benzene/DCA mixtures, however, differs in some aspects from that of PBLG. The major transition occurs at 5 M O % DCA, indicating that the substitution of a p-phenyl group in PBLG leads to a less stable helix. The behavior of poly(L-glutamate esters) in mixtures of an apolar solvent and a strong hydrogen bonding solvent shows that the side chain interactions are important in the secondary structure. The poly(ymethyl-L-glutamate)-and the poly(y-ethyl-L-glutamate) helices39) are less stable than PBLG (Tab. 1).
Fasrnan3') states that in this series greater stability is conferred by larger and bulkier side-chains. This rule is confirmed by the behavior of poly(y-2,4,6-trimethyl-benzyl-L-glutamte) (la)'), the helix of which is more stable than the PBLG (lc) helix (see Tab. 1).
The poly(y-1 -naphthylmethyl-L-glutamate) (lb)" helix has a lower stability than the PBLG helix which contradicts the rule. However, in this case 'the low molecular weight of l b may influence the stability of its secondary structure. The PBPLG helix is less stable than the PBLG helix. This indicates that the general rule given by Fasman is not followed. Therefore, changes in helix stability in this series cannot be predicted only on the basis of shielding effects. Other effects like steric effects have to be taken into account.
Furthermore, the PBPLG solutions are more sensitive to wall adsorption effects in this concentration range than the PBLG solutions.
This feature can possibly influence the differences of ysp/c values with varying concentrations both in the helix and in the coil regions.
Maxima in the major transition can be observed by PBPLG, showing the same tendencies as the maxima of PBLG in m-cresol/DCA mixtures.
A possible explanation for the cause of these maxima might be the occurrence of association. Conc. range 0,2~10-3-1,4~10-3g/cm3; temp. 25°C.
d, Optical rotation. Optical rotation dispersion.
